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> Introduction to supersymmetry
> ATLAS and LHC

> final states with missing E-

A jets with lepton veto
A one and two leptons
A b-jets
A diphotons
> final states without missing E;/ R-parity violation
A colored scalars
A ep resonance

A displaced vertices

> summary and outlock
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Supersymmetry (SUSY)

One of the most popular extensions of the SM Standard particles

~SUSY pos Supérmartnersd ft o eaclt © &
particles (same quantum numb%{g,L%g spin differs (4 < b
by ¥2) and R-parity R= (- 1) )

Higgs

> If R-parity is conserved, SUSY particles are pair B
produced and the lightest one (LSP) is stable O omie @ uom @ Focepatcns

> Why is SUSY popular? It answers many open SUSY partiokss

guestions at once:

A allows unification of gauge couplings

A provides a solution to the hierarchy problem: the
fermion/boson contribution to the Higgs mass exactly cancel ( g

A if R-parity is conserved the LSP is stable and is a dark e B susy e
matter candidate

>pbut the MSSM has 124 free par amet €

AHow should we search?
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Search Strategies for SUSY

> at the LHC spatrticles are pair produced %9

A dominantly squarks and gluinos via the strong interaction

A they decay via cascades into the stable LSP (neutralino or JERG- PT—

gravitino), assuming R-parity conservation 0-lepton

> common sighature:
A multiple, high energetic jets and transverse missing momentum g

A distinguish final states by additional particles

zero, one, two, .. leptons (e, n) , t wo photons, é P ====> F €-===D
b-jets if 3" generation squarks are lighter than other generation squarks 1-lepton

> Incomplete event reconstruction due to LSP

A no mass peak q‘> Q_X.-h__l
g -

A SUSY is in the tails of the distributions

. . P
A SM backgrounds (top, W/Z+jets, QCD) are taken /4
from/verified in control regions q 7P 2-leptons
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A Word on Models

> most experimental results are interpreted in
one or the other model

A e.g. n"SUGRA/CMSSM, GMSB, simplified models,
é

A the interpretation in a model give nice, colored
plots

> the main experimental result is the limit on
the number of signal events in the signal
region (or the limit on the effective cross
section)

> Interpretation is straight forward but not
trivial
A signal efficiency
A signal uncertainties

A statistical interpretation
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> MSUGRA/CMSSM:

A mg,: common scalar mass
A my,,: common gaugino mass
A A,: common trilinear coupling

A tan B: ratio of Higgs vacuum
expectation values

A sign( p): sign of SUSY Higgs potential
parameter

> GMSB:

A A: SUSY breaking scale
A M: messenger mass scale
A N: number of messenger fields

A tan B: ratio of Higgs vacuum
expectation values

A sign( p): sign of SUSY Higgs potential
parameter

A Cgyray ratio of the gravitino mass to its
value at the breaking scale A

> Simplified models:

A reduced particle spectrum: masses
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The Large Hadron Collider

~

>ppcol Il i si onfgV at &as
(and PbPb a t s\,&= 2.76 TeV,
not covered in this talk)

> LHC has performed extremely well this year:
A 2.2 1033 [cm?/s peak luminosity
A ~ 80 pb! per day
A 2.5 bt delivered, thanks!

- 7 T |

. . a 35 - ATLAS Online Luminosity Vs =7 Tev ]

A 50 ns bunch spacing > 3 [LHC Delivered =

< . : 8 [ ATLAS Recorded .

A 8 collisions per crossing £ 250 1 ;

S Total Delivered: 2.68 fb’ e

- L Total Recorded: 2.55 fb' ]

1 = 60[ T T T [ i

> datasets CO”Sldered g; 50; /;L/i\:,co;linel;uminosity \5=7Tev ] % 2E ]

. g é [ ATLAS Recorded o 1.5 } {

by analysis ER O Fecmaetied g F E
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A 2010: ~35 pb-t £ 2 I .

. S qor Y B

A2011:0.87171 1.34 fb'l cf T ] 0: e A B R
208 T90s - wor 009 09N 02/03 31/03 29/04 28/05 26/06 25/07 24/08

Day in 2010

Day in 2011
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The ATLAS Detector

Muon Detectors Tile Calorimeter

Toroid Magnets  Solenoid Magnet

Inner Detector (ID,|n|<2.5, B=2T):
ASi Pixels, Si strips, TRT straws

Mrecise tracking and vertexing, e/n separation
Islp; ~ 3.8x104 p; (GeV) @ 0.015

EM calorimeter(|n|<4.9):

Ab-LAr Accordion

Kely trigger, identification and measurement
IoIE ~ 10%/NE

@ATLAS

EXPERIMENT

Liquid Argon Calorimeter

Length: ~46 m
Radius: ~ 12 m

SCT Tracker Pixel Detector TRT Tracker

HAD calorimetry (|n|<4.9):
Ace/scintillator Tiles (central), o/E ~ 50%/NE @ 0.03
ACu/W-LAr (fwd), o/E ~ 90%/NE @ 0.07

Arrigger and measurement of jets and missing E;

Muon Spectrometer (MS,|n|<2.7) :

Aair-core toroids with gas-based muon chambers
Aviuon trigger and measurement with p; resolution <
10% up ~ 1 TeV

Wolfgang Ehrenfeld

~ 4m coverage in solid angle
Excellent resolution for jets,
electrons, photons, muons
and missing E;

Excellent vertex reconstruction

Simplified Detector Transverse View
Muon Spectrometer
HadCAL

| SUSY Searches at ATLAS | 30.8.0211 | Page 7



Acknowledgements

Calibration

Installatlori
Construc}ion

Courtesy of Henri Bachacou

@AMA&

EXPERIMENT

i Comm

Wolfgang Ehrenfeld

This talk

‘s‘iOnlng

i-\v

Nagnets

| SUSY Searches at ATLAS | 30.8.0211 | Page 8




